ABSTRACT.-The Gyrfalcon (Falco rusticolus) faces several threats from environmental changes on its breeding and foraging grounds. In Finnmarksvidda, human activity has increased during recent decades in terms of numbers of residents, roads, use of fossil fuel, hunting for game birds, domesticated Reindeer (Rangifer tarandus) numbers, and eco-tourism. There also is increased forestation, and the Golden Eagle (Aquila chrysaetos) has become a regular breeder in the area.
MANY RAPTOR SPECIES live in areas where a shortage of suitable nest sites limits nesting density (Newton 1976 (Newton , 1979 . The Gyrfalcon (Falco rusticolus) is an early nester with laying dates differing throughout its breeding range from March to May when it is still winter in the Arctic. Nest site selection might occur even earlier (Cade et. al 1998) , in January-February, and snow-free eyries seem to be favored (Platt 1976 ). The early laying and incubation period makes it crucial for the birds to choose a nest site protected from harsh weather and the effect of wind convection. The Gyrfalcon utilizes various types of nest sites on cliff ledges or in cavities, usually in old stick nests of other species, in particular the Raven (Corvus corax) (Cade 1960 , Nielsen 1986 , Tømmeraas 1990 , Cade et al. 1998 , Koskimies 2005 . Gyrfalcon nesting in trees has been described from many regions (e.g., Kuyt 1962 , 1980 , Voronin 1987 , Morozov 1991 , Tømmeraas 2003 , Obst 1994 , Mela and Koskimies 2006 . Gyrfalcons not only prefer nests that provide protection from adverse weather, but also from predators and falling debris (Figure 1 ) (Barichello 1983 , Newton 1979 ). The most characteristic feature of Gyrfalcon cliff nests is some kind of projecting cover, usually an overhanging rock (Cade 1960, White and Roseneau 1970) .
Shortage of suitable nest sites has been proposed as a limiting factor for the Gyrfalcon in parts of its range (Cade 1960 , White and Cade 1971 , Tømmeraas 1978 , Kalyakin 1988 , Shank and Poole 1994 , Koskimies 1999 , 2005 , Furuseth and Furuseth 2009 ). Also, poorlybuilt nests can fall down during the nesting period (Knoff and Nøkleby 2011) or result in low nesting success ( Figure 2 ) (Tømmeraas 1993b , Poole and Bromley 1988 , Steen pers. comm. in Hansen 1994 , Furuseth and Furuseth 2009 , Knoff and Nøkleby 2011 .
Artificial nest sites have been provided for a great number of raptor species, and can increase breeding density of raptors (Steenhof and Newton 2007) . Where parts of a Gyrfalcon territory are disturbed, providing an artificial nest may be a method of moving breeding activity away from the disturbance (Tømmer-aas 1978 , Johansen and Østlyngen 2004 , Koskimies 2005 . There are several observations of Gyrfalcons accepting artificial nest sites (Tømmeraas 1978 , Hansen 1994 , Johansen and Østlyngen 2004 , Steen and Sørli 2005 or using nests built on man-made structures (e.g., White and Roseneau 1970 , Kalyakin 1988 , Voronin and Kochanov 1989 , Ritchie 1991 , Morozov 2011 . In the 1930s, a Sami named Saarenpaa from northern Finland was probably the first to make an artificial nest for Gyrfalcons. He placed two old stick nests of Rough-legged Buzzards (Buteo lagopus) on a cliff ledge, and supported the nest with two birches (Betula pubescens). The Gyrfalcons laid eggs in the nest, and, as was common at that time, Saarenpaa collected and sold them to an egg collector (Sjölander 1946) . From 1978, P. Tømmeraas experimented with building or enhancing nests for Gyrfalcons, using various constructions such as excavated nesting cavities, nesting boxes, and rock shelf nests. The best results were achieved by fastening mats made of steel reinforcement rods to which imitations of Ravens' nests were tied (Tømmeraas 1993 ). Of 52 observed nestings in northern Norway in the period [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] 9 .6% took place in artificial nests (Tømmeraas 1990 ). In Hardangervidda, Norway, Hansen (1994) constructed an artificial nest at a Gyrfalcon location to secure a Raven's nest that tended to fall after a short time. The production of young Gyrfalcons there increased from two to eight per three-year period prior to and after the stabilization of the nest. From the same area, Steen (1998) reported an artificial nest where Gyrfalcons bred successfully each year for seven consecutive years with a minimum annual production of three young. In Hedmark, Norway, a Gyrfalcon nest site was restored and secured in the autumn of 2005, and during the following four years, the falcons raised four young each year (Carl Knoff pers. comm. in Furuseth and Furuseth 2009 ).
Even though there is evidence that Gyrfalcons may utilize artificial nests, to our knowledge there has been no quantitative study of this remedial method. As part of a Gyrfalcon monitoring program in Finnmark, northern Norway, we monitored nine artificial nests during the period 2000-2010 with the aim of comparing Gyrfalcons' use and productivity in artificial and natural nests. Furthermore, we wanted to find out whether providing artificial nests could establish the Gyrfalcon at sites with no previous history of occupancy.
STUDY AREA
The study area consists of c. 10,000 km 2 in Alta and Kautokeino municipalities in the county of Finnmark, northern Norway ( Figure  3 ), between 68°37´ and 70°08´ N and 21°58á nd 24°12´ E. The southern part is a mountainous plateau 300-500 meters above sea level, with birch forests, marshes, lakes and a few major watercourses reaching the sea in Alta. The cliffs are generally small, located in river valleys or in steep parts of rounded hills (Figure 4) .
Further north the landscape changes and the river valleys are large, with extended high cliff formations ( Figure 5 ). The valleys are surrounded by mountainous areas. In the richer valleys, birch forests dominate in the higher parts and are gradually replaced by pine trees (Pinus sylvestris) in the lower regions closer to the coast.
The altitude of the study area varies from 0-1,000 m above sea level. The climate of the coastal part of the study area in Alta (elevation 3 m) is of an inland type, with cold winters and relatively warm, dry summers. The temperature norm for January is -8.7°C, and 13.4°C in July. Precipitation is 400 mm per year. In Kautokeino in the southern part of the study area, with an elevation of 307 m, the temperature norm for January is -16°C, and for July is 12.4°C. Precipitation is 325 mm/year (Norwegian Meteorological Institute 2010).
About 130 avian species breed in the area, including many species of gulls, ducks, raptors, waders and passerines. Twenty-four species of terrestrial mammals regularly occur (The Norwegian Zoological Society 2002) , including domesticated Reindeer (Rangifer tarandus). There are about 21,000 human residents in the study area, and most of them live in the urban settlements of Alta (c. 16,000 inhabitants) and Kautokeino (c. 1,300 inhabitants).
METHODS
Artificial Nests.-Nine artificial nests were constructed under overhanging rocks on cliffs to give shelter from snow and rain. We chose places high up in the cliffs to protect the nests from terrestrial predators. We aimed for a southern orientation to exploit earlier snow melting in the spring, although this was not achievable at all locations (Table 1) . We constructed most of the nests at active Gyrfalcon sites in localities with a suspected shortage of suitable nest sites. We based this on previous observations of frequent breeding failures in suboptimal nesting sites or a total lack of available nest sites at the time of expected egg-laying (i.e. late March-early April).
Five Gyrfalcon territories were known either from historical data from the mid-19 th century or from geographical names pointing to a long history of Gyrfalcon occupancy. Three of these territories seemed abandoned and showed no signs of Gyrfalcon occupancy at the time we built the artificial nests.
In addition to active or historical Gyrfalcon sites, in 2008 we provided artificial nests at two different cliffs with no history of Gyrfalcon occupancy. At one of them, droppings and moulted body feathers from Gyrfalcons were found the previous winter, but there were no signs of stick nests in the small gorge comprising the locality. After constructing the artificial nest, however, we found evidence of former Gyrfalcon nestings in the form of old prey remains of ptarmigan and old stick nests that had fallen from a slick ledge a few meters up the face of the cliff.
At the other cliff we found no signs of Gyrfalcon occupancy. We had observed lone Gyrfalcons in the surrounding area several times during the previous five years. Also, the area was known to be a good habitat for Willow Ptarmigan (Lagopus lagopus). Consequently, we thought that shortage of suitable nest sites could be a limiting factor preventing Gyrfalcons from breeding in the area.
Improving a Cliff Ledge.-A minimal-intervention method of making an artificial nest is to improve a suboptimal ledge already used by Ravens and/or Gyrfalcons. We constructed two nest sites this way, using somewhat different techniques. We restored one historical Gyrfal-con site in 1993. The ledge was shallow, and stick nests tended to fall down. We dug the ledge out with a climbing axe to increase its depth and improve the shelter from the overhanging cliff. No stick nest was placed upon the ledge, but we provided some substrate for the nest scrape by crushing the inner part of an old Crow's (Corvus corone cornix) nest.
We made one more artificial nest in a similar fashion. We built an imitation of a Raven's nest upon a large cliff ledge, used for several consecutive years by breeding Gyrfalcons. At the time of restoration, the original stick nest had been worn down by several broods of Gyrfalcons being raised there. We fixed a ring of fresh sticks to the cliff using wire and steel bolts. Then we wove numerous more sticks into the ring to make an imitation of a Raven's stick nest. Finally we filled the center of the nest with bark grit, a substrate proven suitable for a nest scrape.
Platforms for Imitation Raven
Nests.-For the other seven artificial nests, the first step was to build a safe platform. We always placed the platform beneath an overhanging part of the cliff. Secondly we placed and fastened an imitation of a Raven's nest on the platform, using steel bolts and wire. We made the platforms in different ways, using mats made of steel reinforcement rods, concave concrete shapes, or water-resistant veneer plates, all mounted to the cliff by steel bolts, or mounted on steel reinforcement rods drilled horizontally into the rock ( Figure 6 ). We also filled the centers of these nests with bark grit as substrate for a nest scrape.
Field Study.-We have carefully surveyed the Gyrfalcon population in the study area for the last 20 years (Østlyngen and Johansen unpublished). The study area holds 33 territories with confirmed nesting by Gyrfalcons after 1990. In the field-study period 2000-2010, we surveyed as many identified nest sites as possible each year. We checked the nest sites for incubating birds and nest characteristics during late April Former Gyrfalcon site 8 of 9 sites
Historical Gyrfalcon site 5 of 9 sites or first days of May when most Gyrfalcon pairs had completed egg-laying. In June, we surveyed breeding pairs for breeding success, i.e., number of large young observed on the nest, 5 weeks of age being minimum acceptable age for assessing success. We defined nest survival as the probability that a nesting attempt survives from initiation to completion and has at least one offspring that reaches 5 weeks of age (Steenhof and Newton 2007) . We climbed all accessible nests and banded the young. Some nest sites were inaccessible; hence we had to determine brood size by observing the nest through a spotting scope from a distance.
From 2004, we used helicopters for the surveys, significantly enhancing the number of nest sites visited each year ( Figure 7 ). We otherwise reached the nesting territories mainly by snowmobile, but also by skiing during winter and spring in some cases. After the first week of May, we visited most eyries on foot, though some were reached by helicopter or fixed-wing aircraft in late June or early July.
Statistical Methods.-As an outcome measure, we used mean number of young produced per breeding attempt in artificial and natural nests. We compared and analyzed means from the two categories of nests. Since the data set could not be considered normally distributed, we used a two-sample Wilcoxon rank-sum (Mann-Whitney) test. P-values of < 0.05 were considered significant.
RESULTS
During the period 2000-2010, we recorded a total of 94 initiated Gyrfalcon nestings in the study area (Table 2 ). The majority of Gyrfalcons bred in old stick nests of Ravens or imitation Raven nests. Seventy-seven nestings occurred in natural nests, of which 66 were built by Ravens, four by Golden Eagles (Aquila chrysaetos), three by Rough-legged Buzzards, three were on grassy ledges without stick nests, and one on unknown substrate (Figure 8 ). Of the total number of Gyrfalcon nestings, 75 (80%) were successful, resulting in a minimum of 177 and an estimated total of 213 young produced (i.e., 2.2-2.8 young per successful nesting). We estimated the brood size of verified successful nestings with unknown numbers of young by using the mean of observed brood sizes from the respective categories of nests (artificial or natural). For nestings that were observed in the incubation period only, we multiplied the estimated brood size by the expected nest survival (based on survival of nests observed both during the incubation and late-nestling periods) to adjust for the rate of nesting failure. There were considerable fluctuations in the annual number of Gyrfalcon nestings in the study period, i.e., from 2 to 18, which was also reflected in the annual number of young produced (Table 2) . 
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Artificial Nests.-All nine artificial nests held nesting Gyrfalcons during the study period. Seven nests had been placed before the start of the study, while two were constructed during the study period (2008) . We recorded 17 nesting attempts in the nine artificial nests, of which 14 (82%) were successful. Two artificial nests did not have successful breeding of Gyrfalcons during the study period. In total, the nestings in artificial nests produced 45 young (3.2 fledglings per successful nesting).
Natural Nests.-We recorded 77 nesting attempts in natural nests, of which 61 (79%) were successful. These successful nestings produced a total of 168 young (2.76 young per successful nesting). The difference in mean number of young per successful nesting between artificial and natural nests was not statistically significant (Mann-Whitney, z = -1.57, P = 0.12).
A Remarkable Year.-In 2008, we examined 31 localities, of which eight were provided with an artificial nest. The number of confirmed Gyrfalcon nestings in the study area reached a peak of 18, five in artificial and 13 in natural nests. The probability for breeding in territories with artificial nests was about 10% higher than in territories without, even though natural nests by far outnumbered artificial nests. The mean number of young in the five artificial nests was 3.0, compared to 1.9 in the 13 natural nests, but small sample size still rendered this difference non-significant (Mann-Whitney test, z = -1.66, P = 0.098).
A Remarkable Territory.-One nesting territory provided with an artificial nest had successful nestings each year of the 11-year study period. Seven nestings were conducted in the same artificial nest, and four in different natural nests. For all years combined, the average annual production of young in the artificial nests was 3.5, compared to 2.5 in the natural nests. This difference was also not significant (Mann-Whitney test, z = -1.49, P = 0.14).
A New Territory.-On 17 February 2008, we constructed an artificial nest at a cliff site with no sign or knowledge of former Gyrfalcon occupancy. The same year, a pair of Gyrfalcons raised three young in the nest. The fledging date was estimated to be around 5 July, indicating a start of laying at about 7 April, less than two months after the construction of the
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-ØSTLYNGEN ET AL. - nest. Occupancy of the nest cliff, pair bonding and courtship behavior prior to egg-laying must have happened very rapidly when a suitable nest site existed for the first time ( Figure  9 ). Interestingly, a pair of Ravens nested for the first time on the same cliff the following year. The distance to the closest known Gyrfalcon location (also with successful nesting in 2008) was 14 km.
Nesting Failure at Suboptimal Nest Sites.-When there is a shortage of nest sites, Gyrfalcons may be forced to lay their eggs in unusual and suboptimal places. In 2007, we observed a Gyrfalcon pair breeding in a Raven's nest, freshly built upon a 60-cm-high snow drift on a cliff ledge. During the study, three nestings on grassy ledges and two in old Raven nests in trees also ended in early nesting failure. These six nest sites, unusual for Gyrfalcons in our study area, had one characteristic in common-the lack of an adequate overhang.
DISCUSSION
We observed that about 80% of breeding attempts by Gyrfalcons in artificial nests were successful, which was similar to the yield in natural nests. Furthermore, the Gyrfalcons accepted a variety of nest constructions and performed successful breeding in an artificial nest in an area with no known history of Gyrfalcon occupation.
Utilization of Artificial
Nests.-This study shows that Gyrfalcons quite readily accept artificial nests. We made them by various techniques, and all were accepted for breeding by Gyrfalcons during the study period.
Some basic aspects, such as overhanging rock and protection from predators, still have to be taken into consideration when constructing an artificial nest for Gyrfalcons. It has been recommended that artificial stick nests be provided with bones, excrement, and feathers to stimulate the Gyrfalcons to breed (Tømmeraas 1978) . We used none of these extras when constructing the artificial nests in our study. Observations of Gyrfalcons taking over freshly built Raven nests (once in this study, see above) show that they may initiate breeding in stick nests without these additions (Brüll 1938 , Poole and Bromley 1988 , Nielsen and Cade 1990 . Thus, Gyrfalcons do not seem to require signs of former use to initiate breeding.
The Gyrfalcon's overwhelming preference for old stick nests of Ravens in our study area still suggests a significant stimulating effect, although this might be a local tradition more than instinct (Newton 1979 ). The Gyrfalcon can use nest ledges with no former stick nest, even though in our study area this choice was rare (only 3% of the nestings in our 11-year study). In Iceland, Ó. K. Nielsen successfully restored a former Gyrfalcon nest ledge without the use of a stick nest (Ó. K. Nielsen., pers. comm.). Raven nests make up only 52% of Gyrfalcons' nest choices in Iceland (Ó. K. Nielsen, unpublished data). In our study, we found a stick nest more likely to attract Gyrfalcons than a bare ledge, as also suggested by Kuyt (1980) . One of our artificial nests was merely a dug-out cliff ledge, and it took 16 years after restoration until Gyrfalcons nested there. The Gyrfalcons finally accepted the nest ledge when a pair of Ravens had built a large stick nest there. Nesting Results in Artificial Nests.-Five of the artificial nests resulted in first-time observations of Gyrfalcon nestings in the respective territories since our first surveys in 1990. The lack of any signs of Gyrfalcon nestings in these localities at the time of the first surveys suggested that Gyrfalcons may have been absent from these territories since at least 1985, maybe even longer. These localities had only one to three small cliffs with few, if any, suitable nest ledges. The five artificial nests were the certain cause of the eight young produced in these localities during the study period, and even so for the total of 23 young produced since 1990.
Given that artificial nests offer the chance to control important features of the nest site, like protection from adverse weather and predators, one might expect that artificial nests would have a better chance of survival than natural nests. In our study, nest survival was 0.8 for both categories, implying that nest survival may be influenced by other factors than nest characteristics alone (e.g. food availability, disturbance, or others), or that natural and artificial nests give equally good protection from adverse weather and predators. Old Raven nests, being the Gyrfalcons' most common nest choice among natural nests in the study area, almost always had large overhangs and were well protected from predators, thus serving these requirements well. Some of the artificial nests were placed in areas marginal to Gyrfalcons. For example, we built two of the artificial nests at an altitude of 520 m, the highest known for Gyrfalcon nests in the study area. Furthermore, some artificial nests were placed in areas with no sign of Gyrfalcon occupancy for years or decades. Equal nest survival in spite of such potential disadvantages is consistent with the hypothesis that artificial nests are as least as good as natural ones. (1988 and 1989) in Ravens' nests along the Trans Alaska Oil Pipeline System, the distance to the closest traditional Gyrfalcon aerie being 15 km. Here, the oil pipeline caused an increased breeding density of Gyrfalcons by offering new nesting sites. Initiation of experiments with artificial nests on poles on the Russian tundra (Mechnikova et al. 2011 ) and nest boxes in northern Finland (P. Koskimies pers. comm.) will eventually provide further knowledge about the effect of artificial nests on breeding range and productivity.
Artificial Nests as Means to
Study Limitation.-Compared to earlier studies, the large study area, the high number of nest sites surveyed, and the extended observation period are main strengths of the present study. Nevertheless, the sample of artificial nests was relatively small, which limits the power to detect differences in breeding success between different nest types. Furthermore, the artificial nests were constructed in Gyrfalcon territories selected by us, rather than randomly allocated among the eligible territories. Due to small sample size and selective placement of the artificial nests, our findings should be inter-preted with caution: we cannot be sure that they would apply in other study areas. In the first five years of the study period, less than half of the Gyrfalcon nest sites were visited annually. This should not introduce much bias, however, since the proportions of natural and artificial nests visited were similar.
Conclusion.-Not withstanding the limitations of our study, we conclude that the breeding success of Gyrfalcons in artificial nests was at least as good as in natural nests. Our observations suggest that construction of artificial nests may dampen the potentially negative effects of human and environmental changes in the breeding range of the Gyrfalcon.
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